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This report covers the results of an experinental invostigetion of 
the effects of a velocity credient on the flexure-torsion flutter snood 
of o MWACA 0006 airfoil sussended ty means of springs. 

The presence of the velocity credient produced no simmificant 
change in the speed at which the airfoil commenced normal self-excited 
oscillations, Oscillctions of a torsioncl nature wore found to ocow at 

“spoeds considerably bolow the normel flutter speed, The causes tet 
torsionel oscillations were not fully ascertained. It is reasoned 
however that they were due to flew conditions other than the presence of 
the velocity groediernt. 
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I, LiReRrcmucTION 


In References 1 and 2 procedures ere civen by means of which a 
eritical speed can be camputed ct which components of en aireraN struce 
ture will become unstable. This eritical speed is imowm eas the flutter 
speed, Thus wings, silerons, vertical and horisontel stabilisorea, ctc., 
may be desimmod so that tho fluttor speed is well above the maxi:um speed 
of the aircraft. Another ohenasenn, Imowm es buffeting, is not, however, 
Bo easily predictable. Buffoting, a tipo of forced oscillation of on aire 
crarit structural component, is ordinerily associated with the vorticity 
present in the wing wake or propeller slipstrean, Design procedures by 
meana of which buffeting may bo eliminated or reduced in intensity are 
Well imown but theories for prodicting ito occurrence are incomicte. 

ia, in Reference 3, notes that tho nature of tho wing wake has not 
been conpletely established. Abdrashitov, in Reference 4, approxintes 
the effect of the wing wake on the tail by a harumic disturbance force 
but thie has not satisfactorily explained buffeting phenomena. Lo, ioc, 
cit., approximates the wing wake by a surface of discontinuity wiich he 
calls an interface. Across this interface finite velocity and censity 
chenres occur end he deternines the effects of this in'erface on on air= 
foil, is aseuwations are as follows: 

1. The interface is flat, of zero tnicimess, and tends to infinity | 
in oll cirections. 

2. Tho airfoil —— is of infinite agvect ratio, is of small 
thickness relative to the chard, and has a mean position parallel to the 
interface, 
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3. The oscillatory sotion of the wing is two-dinonsional, veri- 
odic, and is of small amplituce relative to the chord. 

4. The flow is incommressi>loe and noneviscous,. 

Ho finds that the effect of this interface ia to reduce the con 
ventional flutter speod and to cause ce now flutter vhenonene to occur at 
a preatly reduced speed. Ina specific ommnle, with the Se 
loceted in the plone of the airfoil, he finds that instabilities occur 
at speods of approxinately 906 and 36 of tho convontional flutter sneod. 

in attempt wes meade in this investiration to obtain experimental 
corroboration of Lo's results and for this purpose a wind tunnel set up 
was cosipmed to provide conditions which corresponded cas closoly cs pose 
gible to Lo's assimptions, It was realiscd that en interface such as Lo 
postulated wos mobtainable because of the viscous. nature of casce aml 
therefore this investigation can not bo rorerced as denonstrating thet 
Lot's theoretical exproach wes incorrect. It showd rather be rorerced 
as on attempt to discover if the presonce of the velocity cradient in 
the neishborhced of the airfoil vould lower the flutter s»eed sufficiently 
so that buffeting should be regarded as a flutter phenonema, If tho , 
linatter kypothesis is shown to be incorrect then a more plausible approach 
ig to consider butfoting as the responso of an elastic system to a tim 
bulent flow with statistical methods providing the most suitable mothe} 
matical procedures for hendling the problem. Then the shear flow nature 
of the flow Meld will only be reflected in the calculation of tho 
mechanical ednittence. 

The velocity discontinuity obtained in this investigation wos of 
the nature of a boundary leyer and consistcd of ea recion across wich 
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the marnitude of the flow velocity vweried fron that of the free strean 





to a crestly reduced velue. The surface of the discontinuity edjacont 
to the airfoil, i.c., the froo-strean odre of the so-called boundary 
layer, wes quite distinct, however, and was very nearly parallel to the 
plane of the airfold, Within this rerion the sharpness of the volocity 
eradiont varied, becomeing less steep with down-stream distance, Om the 
average, the flow velocity was roduced by 305 at stetiona 7+ inch fron 
the surface of the discontinuity. It should be pointed out thet this 


volocity cradient,while not approaching Lots interface in sharpness, wos 





considerably steoper than any which would be found in the weke of a wing 
@ r fuselage. 





it, DUSCRIPTIG: O ArPARATUS 


An open-rotimn wind tiumel, as deseribed in Neference 5, and show 
echenctically in Pipure 1, wes used for this investication. Povor ws 
siippliod yy a conventional automobile engine with c meximm output of 
125 hep. whieh drove an eirht bladed propeller throwh a trensnission 
system with throe poer ratios. The throttle ws actumted by a reovor 
sible d.c,. motor which turn wea controlled ronotely by a two wy 
ewitch thus pernitting tunnel velocity varictions to be achioved fron a 
position adjacent to the test section, 

To insure steady flow throuch the test section, o set of screens 
wes mounted at the entrance to the contraction section, Two of the 
ecreens were made of cheese cloth, wiilo the third wes mode of 20 nesh 
co mer scroening. To prevent oscillations of the engine-propeller 
section from being transmitted to the test section a ls inch gap wes left 
between the diffuser section and the fan section. 

A meximum speed of about 65 feet per socom and a minimum speed of 
ebout 10 feet per socond wore obtainable in the tost soction, 

The speed controllinre mochanisa wos not entirely adequate par 
ticularly for test-soction velocities botwoen 0 and 20 and between 45 
end 6O feet per second, the speod renges within which this investigation 
wes larcvely conducted, The attainment of a desired velocity to within 
O.5 feet per second wes frecuently a tine-consiming process due te the 
tine Ing botween throttle actuation and response of the cnrine. Speed 
varlation for a riven throttle setting wes also frequently encowrtered. 

The eirfoil, mounted vertically in tho test soction was attached 
at either end to steel springs by meens of clamps, The moumiing syste 
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is ghow in Pigures 2 and 3, The springs, of 1/2" x 1/16" cross-section, 
pessed through slots in the upper and lower tunnel wells, and were 
clampod to heavy steel clem supports. The sirfoil was | thereby given 
two cogrees of freedeon. It could nove in a direction perpendiculer to 
its own plane and rotate about one axis through the centerline of the 
sorings. No tendoncy was observed, even whon the airfoil wos aritated 
by hand, for its notion to be other then twomiimensional, In order to 
maintein a constant tension on the springs, tho lower clemp consisted of 
a horisontel spring flexure which permitted a considerable variation in 
vertical dimensions of the test section to occur with Little change in 
spring characteristics. 

The ICA 0006 airfoil was of leminated woed construction with a 
9 inch chord and 35 inch sven. The curve of LIM coofficisnt vorsus the 
enrle of attack is given in Figure 4. The clews at olther ond wore 
faired snootiily into the contour end provided sufficient clemping action 
to withstand a vortical end lead of more than 75 lbs. The pertinent 
physical constants of the spring-nirfoll system _ given in the Appendix, 

In order to stop the violent oscillations of the airfoil when 
they occurred restraining bars were provided which could be used to 
force the springs creinst the tunnel well slot, therely providing a 
positive restraint erainst airfoil motion. 

Two sota of strain gages wore attached to the u per spring, om 
set mounted varallel to the spring axis and the other sct% mountod at 45 
deprees to the axis, The parallel set measured bending strain primarily 
wiile the s%:owod set, by means of the preper electrical connection, 


measured torsional strain, It wes not possible to separate camlctcly 





the two types of strain, particularly in the parallel set. Hovever, 
sctisfactory results were obtained since the prinery purpose of the 
strain cares was that of froquency determinztion. Tho cutput of the 
cages wos fed through an amplifier to a Helland Type A400 RG recording 
oscillograph. The oscillations thus appeared ag sinc waves on 2 rocord= 
ing tape on which timing lines speced .01 seconds apart also appecred, 
Thus the detorminetion of the frecueney of vibration wes a simile retter, 
samile recordings for severel types of oscillation are shown in Ficure 5, 

The formtion of the velocity cradient ws eceenolished by moens 
of tho installation of a saheot cliuuinm covered shape in the test- 
section, This shape, which will hereefter be called the "berricr", wes 
designed so thet it could be easily removed from tho tost section, and 
could be moved both fore-and-ait and sidewlse within the tost-cection, 

A plan viow of the teatesection with berrior and eirfoil installed is 
given in Pigure 6, 

Throughout the investication the angle of atteck of the airfoil 
weg maintained at sero dorrees with respect to the twmel axis, This 
was set originally by mounting the airfoil in its clamps and then 
sighting along bench maris on the testesection fleor and colling. The 
clamp supports wore adjusted mtil perfect aliement wos obtained. 
Sidewise and fore-amieaft alignment wis accamlished in the sume mnner, 
Clamps were adjusted so that a spring length of 7.5 inches wos obtained, 





ITI. TST PROCODURE 


A volocity survey of the workings section of the tiummel with the 
barrier and airfoil removed ig presented in Fignmwe 7. A velocity survey 
of the tunnel vith barrior installed is civen in Picures & and 9 for two 
test-section volocities, Tutt surveys of the rcgrion outside the berricr 
boumdary layer were also corvluctcd. fo deviction from flow parallel to 
the airfoil chordline wes detectable in the higher speal case, iwasuro= 
nents were, however, insuificiently precise to detect variations of less 
then five cderrees. For the lower speed the tu method was comilctecly 
inadequate because of the ineufficient velocity of flow. 

With tumnel velocity score the natural frequencies of oscillation © 
of the flexure] and torsional modes were determined, The effect on the 
frequencies of the added tension in the springs wes debersined by hance 
ing weipirts on the lowor spring. Because of the dynamic coupling botweon 
the torsional and flexural modes of oscilletion, it was found to be 
impossible to ozcite one mode without oxciting the other and hence to 
obtein direct oscillogra xh recordings of the two freauencies, YTirure 
5(d) shows tho effect of coupling on strain gage response. It wos 
noted that the node, i.c., the point about which the airfoil oscillated 
es if it had only « torsional docres of froedom, could bo easily loonted 
and thet the airfoil could be caused to oscillate about the node. The 
node location wes four aml the froquency of oseilination recorded on the 
oscillogranh, By neans of a procedure given in the Avpendix the 
fimdanental frequencies vere deduced fron Wee date. Tho results are 
plotted in Figures 10, Ll, and 2. 
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The flutter speed with and without the berrier instelloed wes 
Geternined using siniler procedures. Two definitions of flutter speed 
wore used. Tho first wes the lowest tumol speed at which the airfoil 
broke into such violent oscillations thet the springs struck the sides 
of the slots through woich they passed. The second definition gave the 
flutter speed as the lowest speed at which the eirfoll ccmmoneed sucil 
reguler oscillations. As vould be expected the two criteria gave sme- 
wnet ditforent rosults and are discussed in the following section, 

Flutter speods were determined for the zero tension sonlition 
with the barricr in soverel different fore-cnd-aM positions. A control 
flutter avecd was esteblished prior to the inatelletion of the berrier 
and checled whon the barrier wes removed. Results of a number of runs 
are plotted in Firure 13. During two rims of this tye the flutter 
frequency wes determined. Results are also plotted in Figure 13, 

It was carly seon that the athuertshivs leeation of the cirfoil 
end berrier as shown in Pigure 6 wep the optinun one in-goefar as this 
position places the airfoil as close to the volocity gradient as is 
prectical without undue interference fron the boundary layer. Toste 
also showed thet moving the barrier inboard had no noticeable effect on 
flutter speed. 

Flutter speeds usre also determined with woichts hung on tho lower 
Spring. For two sets of runs the barrier was removed and for another set 
the barrier was located one-helf chord length ahead of the airfoil lead- 
ing odce. Resulte ame plotted in Pimre 14. 





IV. DISCUSSION OF R&SULIS 


Figures $ cnd 9 show the velocity profiles which occurred at 
several stations within tho test section and also the boundaries of the 
volocity cdiscontinulty which are deseribod by lines of eonstant volocity. 

Inspection of these figures reveals that the attempt to create a 
sharp velocity discontinuity in the airflow was fairly successful, 
perticulerly et the higher tunnel speed. Figure § shows that within « 
range of 7; inch the velocity hes chenged 306 or mere. A comperison of 
Pigure 3 with Pigure 9 shows the decrease in sharpnose of the volocity 
erediont which accamanied the decrease in tunnel speed. Although the 
proper cculpment for studying the depree of turbulence within the recion 
of the cirfoll was wiavailoble, tests with the type of hotwire being 
used by MacCready end Madden of GAICIT in their stuwly of atmospheric 
turbulonee failed to show any turimilence except in the wakes of the aim 
foil and barrior end in the neighborhood of the eirfoil when the airfoil 
wes oseilisting violently. The enperatus hed ea tine constent of 0.01 
seconds, however, and thue would only indicete turbulence of relatively 
large socle, The proviously mentioned tu™ surveys showed that the eir- 
flow past the airfoil wos fairly straicht although it is ponsible thot 
the airfoil wes ct some slight engle of ettack when the barricr wes in 
place. 

The garves of Firure 12 desonstreto the close arreament botween 
theoretical and experimetital frequency deteriination especially when the 
springs were under sero tension, and slso the manner in which the 
frequencies changed umder tension. it should be noted thet the torsional 
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frequency was constant uncer the load while the flaawel frequency 
increased, The ocfect of the resulting inerecse of the ratio of the two 
froquencies on flutter speed my be seon in Figure 14. This ficure 
shows that the flutter speed reached a minimum when the fresuency rcetio 
wes avproximately one, The theorstical curves of Figwre 12 wore obtcined 
from equations cs derived in the Appendix. The dfiecrepancy which oxiste . 
between the exorinentel and theoretical curves wiiler load conditions 
Gan be explained ty changes in the reletive de:ree of clamping. As was 
stated previously, it was Yound to be impossible to cetornine the tor~ 
sional end Mexirei frequencios by direct moasurenent due to the dynanic 
coupling; between the two dermwees of froedon, Instoad the location of the 
node point anc the frequency of vibration about the node wes recorded, 
@hose acta are plotted in Pigure 10, The frequency curve (solid) in 
Pirure 10 ag plotted can be regerded as the usan between two curvos 
(dotted). The deta should heave fallen on a amcoth curve since the 
accuracy of frequency determination wos of a high order, The fact that 
almost cll the exserincntal voints lie within ea definite area and form a 
natsern within the areca seems to indicate that the derree of ¢lamping 
wes not fixed but varlod betwoon two linits. The meen freauency curve 
was used to calewlate the two natural frequencies. (See Appendix.) The 
cleampine problem wis early recognized as boing of proat importcnce andi 





severel methods wore weed in attamte to gcin creator wmifornity in 
Clenping action, Toward the end of the oxperimental work the clanps 
were even redesigned es show in Pigure 3, but diffioultios persisted and 
no satisfactory solution wes found, 


Plutter speed is defined as the lowest speed at which an cirfoil 
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with a specified nunber of derrees of frecdom will become unstable, In 
this investigation, a fairly wide range of speeds wore found, on the 
orger of 10 feot par second within which oscilictions would start of 
themselves, baulid up to a stable amplitude, ond die out upon reduction 
of speed, The moaximm flexmmral amplitude wes linited by the width of 
the slots in tho tunnel wells and when this amplituco wes reached a 
different, more violent type of oscillation wes found to occur which was 
echeracterized by lerre torsional amplitwies and by the springs striicing 
the wunnel wills with conaidereble force. This type of osciliction, 
mililzo the more normal type, would not die out of itself wmtil tho tunnel 
epeed was reduced to-a value 10 foot per sceond less than the minimm 
Speod at wich evon the slichtest oscillations were roticoablo, 

an explanation of this phenanenen is eucposted by Chuan in 
Reforence 6, This author points out thet when an airfoil, initiolly at 
low ancles of attack, is stallod and moetalled perlodically, tho shedding 
of vortices must be poriodic and heve the seme period ag the oscillations, 
end thet this type of oscillation, once started, is no longer controlled 
by the stationery ancle of attack and flow velocity but by the shodding 
frequency, This would seem to apply to the cese umder discussion since 
the torsionnl amplitude was on the order of 15=20 derrees, well above 
the stelling angle of attesk of the NACA 0006 section. It also oxpiains 
way the oscillations continued evon when the tiwmtel speed was reduced to 
@ point a food deal below which self-oxcitod oscilletions would borin. 

At first the lowest synced at which theso violent oscillations 
took place wos used as the criterion for flutter beceuse 1t wes relatively 
definite cnd because the strilcing of the twmeol walls by the spring could 
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be both seen and hoard. liowever, the experimental deterninction of the 
natural freauancies pormitted an accurate theoretical ccleulntion of the 
flutter spood to bo made, (sce Appendix) and Lt wes found that the speed 
of violont oscillations wos 15—20 feet per socond higher than the pro 
dicted value. Also, cue to the hich oe of attack, a portion of the 
airfoil surface penetreted into the rorcio? of rapidly changing velocity 
during part of each cycle. It wis therefore decided to use as the flutter 
epecd the lowest spoed at wich tho sanllest, regular oseilintions vould 
occur, This was also a cood deal higher than the predicted valus, cs 
ean bo seen in Pirure 15, but approeched it more closely and had the 
acventace thet 1% corresponded better with the usuel definition of 
flutter speed. 

The wein disadventage to this eriterion ley in its inilefinitencss, 
It was frequently difficult to ceternino whether or not the amill 
motions ef the airfoil wero reguler or whether they vere intermittent 
and caused by turbulence in tho airflow, This was perticulerly true vhon 
the berrier was in place. Although it was not Pelt that the turbulence 
wes exeessive tie effect of awzall flow verturbeations at speeds close to 
tho flutter speed wes sufficient to send the airfoil into oscilletions 
which died ort relatively slowly. An atterpt was rede to anelyze sicnails 
from the strain geges in an oscilloscone but it was found that the sig- 
nels which corresponded to omll oscillations of the system roquired 
esplification in order to becaxe of eny value. Ecuicment which would do 
this and which would elso filter out extrancous sipmelp from such 
sources as the engine ignition system wos meveileolo. 

In the lisht of the forerpoing armments it is believed that the 





13 


rather wide ranse of speeds ct which flutter would occur is expleined. 
in spite of a good decl of esre it was not vossible to fix tho degreo of 
clempins: or to detorcine the sneed at which sual oscillations occurred 
with any Cegreo of precision, The effect of these variables is evident 
in Pigure 13. The large number of points which were plotted are the 
result of several runs during all of which the configuretion of tho 
syste: was kept constant. This inleterminacy was unfortunate since io's 
rosults incicated that if the velocity pradient did have an effect on 
the conventional flutter speed, 1t would be relatively en, 

It 4s to bo no that other investipators appear to hevo had 
Siniler difficulties, FPipgure 15, reproduced From Figure 15 of Reference 
3, shows a range of oxperinentel flutter speeds for a given veluo af the 
mtural frequency rotie rather than ery definite speed, An emninetion 
of Ficure 15 also shows that the experimental Mutter speeds vere clwuays 
erecttor than the theoretical value by amounts everacing 15% of the the- 
oreticnl velue, This mey be compared with an average flutter speod 273 
higher thon the theorsticel velue as determined in this investigation, 
The explanation civen in the reference is that the influenee of internal 
friction not token into account in the theoroticel calculations, is much 
greater, relatively speaking, in systems designed to Tlutter at low 
epececs, than it 1s in actual practice whore structures flutter oat much 
hipfher spoeds. Internal frietion wlll always tond to raise the flutter 
speed, 

in this investigation there were, in addition to the intornsl 


friction, two other conditions which would tend to raiso the flutter 
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speed above the theorctical value ag caleulated. The theorctieal cal- 
culations wore nade considering the corodynamic forces to bo constant 
ecross the span. In the oxpcrinent the e:foct of the finite snen would 
be to decreese the forces acting on the tip section and hence the totel 
corodynanic forces coting oa the eirfoil per wmit lencth of span. In 
addition the airfoil tips were probkebly in the tunnel] well boundsry loyer 
thus further decreasing the aerodynamic forces. It is believed that the 
foreroing consideration explains in oc qualitetive manner et least the 
reason for the Lerrce discrepancy between theoretical and exporinental 
flutter speed, 

It is evident then fraa Figures 13 and 14 that within linits of 
experinontal eccuracy no evidence wes discovored wiich would tndiccte 
that the presence of the velocity craudient had any e“fect on Tlutter 
specd, 

Lo, in Reforonce 3, found thet a region of instability night 
possibly exist at very low soceda, in which oseilictions of a vreda- 
inently flexural nature would mae’ Ried speeds between zero, 10 fect 
per second with tho trailing edge of the barrier between 3/4 and 1 chord 
length ahead of tho leading edge of the airfoil, oseilintions of larre 
emmlitude did tvke place. These oscilletions wore, however, orodoninantly 
torsional in nature ) occurred at tho noturol torsional frecvency af 
the syste, and ceesed completely when the tunnel speed was chanced by 
= 2 feet ver second or when the berrier was moved closer to the airfoil, 
There wes insufficient time or equinment eveilable to study in detail 
the flow concitions which eaccanpanied these oscillations, bat it is not 





15 











believed that they wore duo to the presence of the velocity pradient. 
Plow 
wee actunlly at some feirly lerrve angle of attack and that the oscillctions 


onditions in back of the barrier reke it Ukely that the airfoil 





wore due to vortex shedding, The use of Tyler's forma, ob sans. = K, 
given in Refercnee 7, and essiming a veluo of is degroes for & rivos a 
value of K= 414 . (See A-nendix.) This is in very close acroonont 
with Tyler's overace value of K = .15 for cirfoils end also with Chuan's 
results in Reforenee 6, Further investipation 12 required to Cetorine 
precisely the causes of thig phenomenon 
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Ve. CORCLUSTOS 


This investigation failed to veveal eny sipmiftcant variations 
in airfoil flutter speed which could definitely be attributed to tho 
presence of the volocity discontinuity, Although oselilictions were ob- 
served which occurred ct tunnel velocities much lowor then those at 
which conventional flu ter took place, it is believed thet those wre he 
to causes other than the velocity discontinuity, It is thorefore bolicved 
that Lo's reaults reflect the idealization of the flow into an interface 
rathor than any plrysiecel ceuses ‘of buffeting or flutter. Tho noglicibly 
sxndi changes in the flutter speed point further to the fact that the 
effect of the volocity credient, of the order of mepmitiude likely to 
oceuwr in practice, is smell, so that it is sufficiently accurate to we 
the cerocdynanie coefficients measured in a wiform flow in the estinction 
of the mechanical admittance, Such coefficients being well !mow, it is 
concluded that the only relovant date one unst heave in order to anlyze 
teil buffeting is the turimlence in the flow in tho rogion of the teil, 
i.e., the turinilence power svectmm and the correlotion Sanctions. 

This invostipetion, ani all the remarks made avove, are concerned 
only with low sneod phenomena. Brffeting duo to umstable shock: wvos is 
of different oricin ami is not dealt with here, 
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APPHIDIA 


CALCULATIONS 


I. ATRFOIL AMD SPRING COMSTAMES 


GC. fe —- center of gravity 





Ge Ge oo Olastic axis 


Voight of airfoil = 3.7750 lbs. 


Mose of eivfoll © 9.79 x 107 ae 


Radt4 of gyration 
about e.g. * 3.113" 
about @e Be = 3025" 
Loneth of epring = 7.5" 


Croas-toction of springs = 1/16" z 1/2" 


2 
Maas of spring 1.73 x10% Id. Baan 


a 
fotal apring mona «<1 3046 = 10% Io, Se 
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Ii. DETORMNATION OF NATURAL FPROQUDICIES GP VIGRATION 
Ae 53 quer 
1. nites Bout: 


he Loliowing configuration ig assumed in which the springs are 
bullt in at both ends and the airfoil is considered stiff as compared to 
spring. y 
LLL 


ang ee 


Considering the equilibrium of a differential lenzth of spring, 
, ov 


jp ax — 


Pp 


“1 ie’ 


Ey = O = M+ Px - (mM + SH ax)- S (-dy) 
Ric - 5, We & S dy = @ 


Assinwe dM. Fy d?y 
dx dx? 


Then the citferentieal eauction is 


Xx 


i" 
©O 


3 
rlos+ -S 2 -P 


This has the solution 
y = C, Cosh qx r CG, sinh q% - i 


where 
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The boundary conditions are 


y > #0 at = S/ oO 
a => 0 at x 8 O 
dy oa 0 at x as i} 
dx 
Substituting the boundary conditions into the equation for y 
fives 
1 2 E cosh q ie P 
y = $4 sia qt cosh qx + Es sinh qx 
lex oa (cosh gt -1) 
> qs sinh q 
When x= 1 
_ - ea , EE cosh qt -\ 
9 54 sinh q XL 


Taking linit es q a :pronohes sore 





4k | 
y ae: [i+ ee! 
—_— 5 oy ig AY |] 
igh’) + at 
= = PL + PL | | = qt)” 
5 S 12 
Putting q? = — 
. oh 
Y IZ El This agrees with the deflection found by setiing 


S* 0 in the differ :ntial equetion. 
the spring constent in floxure is then, talting into account both 
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Sprains 
o .- wie 2 me Ah 
Ly 2 [1-4 (he ) 
9 qt Sinh qt 


As an example &, is worled out for S = 40 lbs. 


The cross-section of the svuringse is 


MMA oe” 


_ S RO 
4 ——— 


——____—____————- = - 362 
2X2 xK 16 


The length of each spring is 7.5". 


gt = 705 X o362 e 2.71 


2 
a  — + 36-01 
“a - tk Peo ) | 


The flexural frequency, | , is then: 


Sa = —= li‘ 
Yo | m qt ” 


55.5 rad. /sec. 


aa 


ft 


This may bo compared with W, for zcro tension on the spring. 


Wo 4242 rod, /BeC. 








a 


Asmme 2 deflection eurve showm ebove. in this ease, lot L ve 


the length of both springs. 


2 “2 (+x 
Y = Yo sin” —— 


This satisfios all boundery conditions, 


he 


be 


Ce 


d. 


The potential energy due to bending monmonta: 


2 
= d 
Ma | g% ds mM = 
0 


The potentiel cnermr due to loads: 


$ 
Y, = +| (#2) dx 


The kinetic enerry of vibrating spring particles: 


— Y, Ae i aq! ae ay P * spring density 
= 


0 A 
The kinetic energy of the airfoil: 


ps 2 
I, = 7 


s Arosa of Soring 


Performing the indicated interrotion and equating potentiel and 


Kinetico conercies 








eL™ a sT(~ 
“a cr my) 
- 3ms m 


6 2 
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The mazss of the springs aay bo neglected sines it is only 1/30 
of tne nass of the air’oil, For & = LD Lbs. 





goxiox mi  , vox? 
uy 2 (isy?x 12 42 XK (ie)! ux 5 
hr = 
004974 
2 
a = (330 + 6.53 ) 2 
6 ———— ee 
00979 
Mhyo = 56.2 rad/sec. 


The curves of flexurel frequeneies voreus spring tension are 


plotted on Figure 9. 
B. Torsional Procuency 


It is assumed that increases in spring tension produces only 
secon? order effects on the torsional spring constant, 
Fron Reference 7, 


3 
Ky = ae 


where p 49 a constant depending on 
the dimensions of the 
cross section 
b lore dinension 
C ahort dimension 


In this case, 8 = sXO7 


13 . 
kK, = 301 x 2 X(t) x MM x 10 x2 
1.5 





* 210.1. in, bb, 





The experinental date is plotted in Figure &, 


Consider the following system 4? 
Center of lass 







Elastic Axis 
Mode Point 





For emell oscillations of the above systen, the following eaucztions 











will axply 
Ky (88%) 6° 
Potestial energy: “eee + Ka 5 
) 0% 
Kinctic energy: i mx? ie _ 
2 
Using Le Grange's equations 
T6 + K, St? © - Ky Se + Kx 6 = O 


mx -K, $0 + Ky x we O 








28. 


tre following assumptions are nade: 


Qe 6 = @e et 
De. = % e wut 
Ce w* _ <t 
& w,* = a 


Assumptions "e" ond "a" are volid if the mse of the springs is 
small cameared ton. The condition for a node at y is 


—a 
11 
o|> 
oO 
| 


~_ ._& 
i —— 


Commicte exnerinmortal results were obtainscd for a rence of node voints 
puch that y= - * » The ecuntions then reduce to two similtancous 


equations for W, amd Ww, . 





7 uy 2 
hn rs 5 
I+ y 


where W is tho trecuency of oscillations about tho node, 

Solutions of the above equations for WwW, and Wy, as a function of 
spring tension ere plotted in Picure 9, Note thet W, is independent 
of spring tonsion. 
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Til, PISTTIR SPO DATIOaINATIO! 


The procedure end symbols used are in accordonee with those 


defined in Referenceo 1 and 2, 


2 , 2 

We = 3.77808 = .117, 288. = 00979 LB0Ge- 

3, ft. ins. 
e = 6.723 
Toor. 3,133 


Taig - 3e2h9 


a eB weld x = 0535 $ta= 22 b-a= .7H 
Zt += 082 

K = 0261 {K = .16156 
r, =e =. 1605 m% * 4006 
WW. heh w,* = 2959 
Wh © 41.5 wy = 1722 
he = 6.356 

ha, a 64789 

hy, B03 

Ca, e 3.436 

Cag *« 1.000 

Sh, = 39.3 

A, = 238,138 

By RIM, 


Gy e 10,733 
Dy me 27  5S1 
om = 1,000 
(i, a 3.6259 











were 
ae 7™ SUE a. 
Be = Qy Ray + Na Re, 

ce 
C,, = A, + B, + + C, e. 
Ag * O 


Cy ’ = (0, + C, 25 - B,2F ) 
R 





x 26 or 
ay - Aa, + (40%) FF - (9 +0) Se 
Re, = Ch, 2 a8 x 
ta, 60” [Aw - (449) -(4 - 0?) 26] 
i-_. 6s 

Bag SS. * SSR 
aR 2AR 
i,  - * 
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Vk = 2,000 
Ry = 7 o£ $76 
a 
rR = = 8. Zz 
On 35.7112 


= 3.62599 kg = 0 
~65.7880 By = ..7.5919 
= 200.786 6, = 62,902 


ee PP 





Is al 1.4342 4 

In * 203916 = 86,2855 X = ZsGl9L & 10.5c48 
1A = 20273 

nds = oT An = 35,6259 As = 0 

Re © 38,590 B, = ~66.920, 2B, =  8,6660 

rh. = 1.076 Cp = -™ S79 Gy a 7,620. 

L * Be - a o Gs 

O, 7 oe a 
1h = 20500 

Roe * $14 Ap = 3.6259 Ag = 0 


Re, a =35.459 ap ~68,0183 By - 929689 
tae = 1.5875 G © 323.7331 Cy he c0 
ar ce 
The % and i. are plotted in Picure 16, The intersection of the 
Xy and i. qiuvves ¢ive 


—_— 


Px Wa TK wy, b 


tas = 46.5 cycelsee | =60y 2 Tem CEL 
Ik {x | ye/ Ik K Jz 39.4 ft/sec. 
IV. TYLERS rORMUIA 


Nb sin 
V 
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.N = Natural frequency of torsional oscillation in cycles/sec 
= Chord of airfoil in fect 
% = Anple of attack of airfoil 


V = Flow velocity 


mer 2 og in 20g 
= 4138 


! 
Note that Goldstein, Reference 7, defines the above formula as Ne - K 





where b? is the width of the body perpendicular to the direction of flow, ° 





OM 4908 





A 
| 
| 


be 


Wy 





ae 
Wl 


uolj9asS $sol4) 


els nov ae ~ 


fp 6 


= i. 


TSNNAL GNIA 


SsueasoS ysol9d 


ugeio5 4 1addo%4y 


HOM $UOs4 





PGs. 








a. Test section showing airfoil and barrier 





b. Mounting bracket and flexure 


Fig. 2 





a. Flexure and spring clamp 





b. Weights attatched to spring 


Fig. 3 
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An investigation of the e*fects 
of a sharp velocity gradient on 
the flexure-torsion flutter 
speed of an airfoil 








